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§3.6 IR ARIFHIFRIVKEE

o MZLF LA x?% =a(modm). HEF2.180] %0, N>R
x? = a (mod p%), BIA]K1Gx% = a (mod m)HIFT A ik,

o FAMTCAFNIE AR IR [FRHx? = a (mod p), 41
Hx? = a (mod p)PIfEKRx? = a (mod p®) K fig:?
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EN3.6.1%f(x) =apx™+ap_1x" P+ 4+ ax? +ax+
aoy ;EI\:':Pal € Z,l — 0,1, e, 1Ny é‘\
fl(x) =nax™t+ (n—1Da,_x" %+ -+ 2a,x + a;

RNF ()R 5
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o EH3.6.1Wa=>2, Hx=x; (modp)2FRAf(x) =
0 (mod p)MI—"ME, H(f'(x1),p) =1, %x; €
0,1, ...,p — 1Y HiH Zx1 ' (x) = 1 (mod p),

E“/—\?\ . .
X; = Xj_q + t;_qp' 7t (mod p‘),i =23, ..,
Horp
t_q = _fp( i— 1) (mod p)

M [FE4x = (x) = 0 (mod p®)F fitix = x, (mod p%) .
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WERH: Sa BN, &) =ax" +a,_x™ 1+ +

a,x* + a;x + ag-
(Ve = 25, K Ax = x; (mod p) = f(x) = 0 (mod p)IfE, Fi
Dlplf (), PIMEEE € 7, WERARAS (e)x =

f( D (mod p), ﬂg(fr(xl),p) =1, HEH2.147 51, A

[ — ﬁifs f(pl) x; = t; (mod p),
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AW, BTGy +t1p) = a,,(x1 + t10)™ + a1 (x1 +
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(i) Wa — 18, 45850, Blx = x,_1 (mod p* & E &=
fG) = 0 (mod p)fof, FiElp“~f (xor) ISR €

Z, WEFARRAS (e)x = L2 (mod p), FAF (1), p) =
1, EE%}EZ]/I-W%D, ’ﬁﬁﬁﬂﬁ—‘ﬁﬁ;x = _f;xa“_—ll) X{ —

to—1 (mod p), MIFAx; = x;—q + t;_1p"™* (mod pt), i =
2,3, ...,a, FTllx; = x;_1 (mod p), Hittx,_; = x; (mod p),
ﬁf'(xa—ﬂ = f'(x,) (mod p), FIrblx = ty_4 (mod P)ﬂ—jﬂ%lﬁjﬁ%

RS (qr)x = — L2252 (mod p) i1
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%_‘ﬁﬁ’ ﬁ/ﬂ‘]ﬁf(xa_l + ta_lpa_l) = an(xa_l +
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o 513.6.1 KMFEIRf(x) =x%+1=0 (mod 25)
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o 513.6.1 KMFEIRf(x) =x%+1=0 (mod 25)

f. 5125 =52, f'(x) = 2x.

B R MHE AR X2 +1=0(@mod5), Hlx?=4(mod5), &
SRIAN x = £2 (mod 5) ; X x; =2 (mod 5), R f'(x) =4,
Milix; = 4, Bt = —-1-4=1(mod5), #H—HKEx, =
24+1-5=7(mod 25);

$fx; = —2 (mod 5), FAAHt =—-1-1=-1(mod5),
—3RBx, = -2+ (-1) -5 = -7 = 18 (mod 25).

i BRTAEN, x = +£7 (mod 25)#EFEAERf(x) =x%2 +1 =

0 (mod 25)HIfi#
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o #3.6.2 RKFIEZRf(x) =x*+7x+1=0 (mmod 27—/ M
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o #13.6.2 KFRASf(x) =x*+7x+1=0 (mod 27)1)— " f#

fif: Z5127 =33, f'(x) =4x3+ 7.

ARG FERRXY + 7x + 1 = 0 (mod 3) I —Mfx, =

1 (mod 3), MWHAHF (x) =11, Mifix, =2, Hiket; = -2
1=1(mod3), #H—PREx,=1+1-3=4(mod9); i
Ht,=—-2-2=2(mod3), #H—PKFx;=4+2-9=

22 (mod 27), Htx =22 (mod 27) 2R f(x) = x* +

7x + 1 = 0 (mod 27)H]— "Mk
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BE— B 3ATIA a0 h e B

o EH3.6.2Wa =2, HFRIf(x) =0 (mod p)Mf'(x) =
0 (mod p) A AL, NWEARS(x) = 0 (mod p®)H
f(x) = 0 (mod p) WIFREMZE




iERH: AFEIEMf(x) = 0 (mod pY) Eﬁﬁﬁ%ﬂf(x) =
0 (mod p"*™OHFE——XRIMKRR, i =1.2,.

Hz B, FAANFf(x) =0 (mod p)Ff'(x) =0 (mod p)H N
i, Kk f(x) = 0 (mod p) Bl fitix, AN RS (x) =

0 (mod p), BI(f'(xy),p) =1, HEF3.6.10]5, HF—1
f(x) = 0 (mod pH)HIfx = x; (mod pHARATHEH — I f(x) =
0 (mod p"*HMIfifix = x;01 = x; + t;pt(mod p**1), K ILFAT
NFIEAAERp I — NP R 2, AMEER—H

x = x; (mod pHATEHKIf(x) = 0 (mod ptTHAIME, ML
AT IE X 1 + 0L = 1,2, ..., p — AR f(x) =

0 (mod p**VHHIfi#,
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AN Nx = %41 (mod p™* )2 f (x) = 0 (mod p™t ) HIME, PLL

f(xi41) = 0 (mod p'*1), lHﬁHﬂLf(xiﬂ +jpi)=an(xi+1 +
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o 513.6.1 KMFEIRf(x) =x%+1=0 (mod 25)

HEFE3.6.2F] 4, x = +7 (mod 25)EFRIARRf(x) =x?2+1 =
0 (mod 25) 4= EB it .
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§3.7 EmBI"IREFRN

o EHIRHANTFEREE T RECERITHI

o EM3.7.1 WpAHRE NFERI
x? = a (mod p%),(a,p) =1, a>1

A HA Za2Rp B IR, H I IO 24
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LB (=) hx?% = a (mod p®) F i, Wx = x; (mod p%)&h
] —MiE, Hittx? = a (mod p%), #HMAExZ = a (mod p), Bl

= a (mod p) B E, arefipl] KPR




ik (=)KNx? = a (mod p*)FfE, Wx = x; (mod p®)2&Ath

EI’J*/\ﬁfF, HNitx? = a (mod p%), HMAExZ = a (modp), Bl

= a (mod p)E i, atpl] —IXF R,

(S)HE Aatpl) —xkF 4, FrblRgx? = a (mod p) H##,
Wx = x; (mod p)EAMFI— MR, ERx; 20 (modp). 2f(x) =
x> —a, Wf'(x)=2x, H—DWHx = x (mod p)Z&f(x) =

0 (mod p)H)— "M, H(f'(x),p) = 2xy,p) =1, KHIbHER
3.6.10] 51 f (x) = 0 (mod p*) B %, Hlx?

= a (mod p*)H fiti -




ik (=)KNx? = a (mod p*)FfE, Wx = x; (mod p®)2&Ath

EI’J*/\ﬁfF, HNitx? = a (mod p%), HMAExZ = a (modp), Bl
= a (mod p)E i, atpl] —IXF R,

(=) AatEip) — Ik F s, BrblAREx? = a (mod p) F i,
WwWx = x; (mod p)@AHI— 1M, Ehx; £ 0 (modp). 2f(x) =
x*—a, Wf'(x) =2x, F—FHHlx = x; (mod p)R&f(x) =

0 (mOd p)E[’(J—‘/I\ﬁfylj:, H(f’(xl)' p) 3 (le, p) =1, j<'['[:l~/*EH/—\‘;’EEE
3.6.10]51f (x) = 0 (mod p*) B %, Elx? = a (mod p*)Hfi#-

Ry, AN x? = a (mod p) FMEEMix = x, (mod p), #H
(f'(x1),p) = Cxq,p) =1, FrlAf(x) =0 (mod p)Hf'(x) =

0 (mod p) oA FLfgE, HEFE3.6.20]51, x? = a (mod p*)Fx? =
a (mod p) FIMREEUFHEZE, Mix? = a (mod p) WARA 2/ M, IEEE,
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o HIEAREE 210 I I

e EM3.7.1%a>1, MEAE
x?* =a (mod?2%),(a,2)=1,a>1

A I 78 B R A A2
(i) Ha = 2, a =1 (mod 4), KA 24,
(iNYa = 30, a=1(mod8), MK IHHLNA.
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N

HNx? = a (mod 2%)F ik, Hx = x; (mod 2%) &M H)—
Hxz =a(@mod?2%), HT(a,2) =1, Fill(x,2) =1,

Wx,=1+2t,t€Z, M HFa=x?= 1+4t(t+1) (mod 2%) ,
()Ha =20, a=1+4t(t+1) =1 (mod 4), VLEMHIFIE.
RS, Z%x = +1 (mod 4) 2R &ERx2=a=1 (mod 44
i, wotEEuE, HILE20,

(i) Yo = 305, BRESG|2%, H2lt(t+1), KtHa=1+

4t(t + 1) (mod 2¥) 7] fla =1 + 4t(t + 1) = 1 (mod 8), VE
VEFFIE
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% FRHECAAAAIE e 14, A a = 1 (mod 8),
(Q)Ha = 30, ZFx=+1,4+3 (mod 8)2FE£EHx?=a =

1 (mod 8)HJ&#lf#E, 7o HERUE, HILH 4

b)ika — 1(= 3, x%2 =a (mod 24 VD) HE, Sx =

x; (mod 24~ D2 — "Mk, Bitbx? = a (mod 2971), HT

(@,2) =1, Fibl(x,2) =1, Bix, 258, Sb=—>=2eZ, N

2&—1
(g +2972b)2=x{ + 2% 1xy b + 22*"Dp2 = x +2971p =
a (mod 2%), Hitx = x; + 29 2b(mod 2%)7&x? = a (mod 2%)
P —AME, A IIE.
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RS, &x = x, (mod 2%)&x? = a (mod 2“) [ —A i, R

H(x, + 2% 2= x2 + 2%, + 22(“ 1) = x4 = a (mod 2%), "

x = +x,, +x, + 2% 1 (mod 2%)2x? = a (mod 2%) 4N i#,

Eﬂlxz = a (mod 2] — MtEx = x5 (mod 29), HNxs =a=
x%(mod 2%), #(x, — x3)(x, + x3) = 0 (mod 2%), X ER

X9, X3%|37\Eé7—?§& Flﬁ uxz — X3,Xy T+ X3%|KT~E|‘I‘:1I%§&’ F‘ﬁ uxzzxg ’

xz;rx?’ = 0 (mod 2%72), 1)} j‘xz,xgﬁﬁx%%?%(xz;xs,xzzx?’ﬂz‘?ﬂlﬁ?

1%, Fitk

(a) xZ;X?’ = 0 (mod 2%7%), Hx, —x3 =0 (mod 297 1), LLES

X3 = X, 8%, + 297 (mod 2%);

(D222 = 0 (mod 272), Hx, + x3 = 0 (mod 2°71), LAY

X3 = —xsz — x5 + 29 1 (mod 29).

Z5 [ 1 40 ik, EEE
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o 513.7.1 KRR x> =9 (mod 16)
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o 513.7.1 KRR x> =9 (mod 16)

i Jzﬁﬁx = 3 (mod 16) /& [FAl & Hx? = 9 (mod 16) 11— M,
NI ILHEANME: x = 43,411 (mod 16).
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o 1513.7.2 KA R x* = 17 (mod 32)
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o 1513.7.2 KA R x* = 17 (mod 32)

i %ﬁﬂ%ﬁx = 17 (mod 16) ) — "M, Bhx =
1 (mod 16)/& 75 B IR, HILME&Ex? = 17 (mod 32)—

2
. b= Zaxi = 1161 =1, Nlx =x; + 2% 2b(mod 2%)R]]

=14 23.1=9(mod 2%)&x2% = 17 (mod 32)F]— M,
A 4 Nx = +9, 425 (mod 32).




§3.8 REMNAFEHH

o EH3.8.1 WpEEE, N
x*+y?=p
HEBEH R R 2% 2p = 28ip = 1 (mod 4)
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UERH: (=2)K8x2 + y2 = pEEBERUR, W (xy, Vo) e — HEEH,
WA x5 + y% =pHO < %l, Iyol <p, & Jkt(xo,p) = (}’o:P) =1,
(» —¥s )(yo)2 = —(yoyo)2 =1 (mod p), ﬁﬁu 1@;%

(%3’0)2

p I IR 4R,

Atp = 1 (mod 4).

(=)%p =2, BAFE12+12 =2, EAMRE;
Ep#2, Mp=1(mod4), H(=)=1, FblfFfixg €Z,0<
ffif9xs = —1 (mod p), 2y, =1, WEHExS + y§ =

|0 <3 Z,
0 (mod D)

A

BEAFAEL

C B imy, 5 xE + y3 = mop, WmEA#

THEx? + v = mpHBEW T /D IEEEim,
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Am > 1, MEmEZEXHE ) e TR R B B 8w, v, ff

—_\

2

SU = xo,V = yo (mod m), NE|ul,|v| < E, HEHO < u? +

V* SmT,uz +v2=x5+y5 =0 (modm), HIAFEM €7, fif
Bu? + v =m'm, HEAmMpm? = (W? + vz)(xg + yg) =

(uxg + vyo)?+(uyy — vxy)?
0 (mod m),uyy, — vxy = Xoyo —
UXxo +Uy0 UYo—VXp

j'\‘ A

HNuxg + vyg = x4 +y0 =

YoXo = 0 (mod m), %x; =
2

'3’1— e D_”Jxl:ylez N AM' M = u? + v? <—

F}Tum <m, ﬁLH:x1+y1—mp, 5mifis/ MET &, ﬁﬁ
Lim =1, EU?:T?T‘ x* +y* =pHAMk, UEEE.
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o %13.8.1 CHIp = 7972 R %, RIEEH X, y, Hi15x% +
y*=p
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f#: FIA797 = =3 (mod 8), Fibh(—) = -1, [k

797—1 797—-1
27z =-—1(mod797), BI(27+ )?= —1 (mod 797), FT
797—-1
Plxg =2 ¢ = 2199 =215 (mod 797) 72 x% = —1 11—k,
/?"\yo =1, Mm xo;yo = 58,
DUy = X = —17(m0d My), Vo = Vo = 1 (mod my), x; =
UpXo+VoYo _ —63 — YoYo~VoXo _ _ 4 Mm, = xi+y1 — 5,
mg y V1 mo L 1 D

H4%u, =x; = 2(mod my),v; = y; = 1 (mod m1) xz —

U X1+V1Y1 _ —26,y, = U1Y1—V1X1 _ 11, m\umz i X5+y5 -1,
my

Aitbx = 26,y = 11&x% + y? = plIfik.

mq
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o H - RF S ITHIZNE FRI (Rabin 7 £ HWilliamsHdt)

- Wp, qgefnak + 3 REEL n=pq, WA n, NP, q)-
- HEmMBLO<m< = (%) =1, Wjc = E(m) = m? (mod n)
- FRET, ?kﬁflal_,lfl?fiéﬂ

x2

¢ (mod p)
c (mod q)

x2 =

AR, P Um0 <m' <2, (%) =1, Mm' =D(c)-
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P MR

UEW: BT o Bn i) KRR, BIARAH

x? = ¢ (mod p)
= ¢ (mod q)

x = +m (mod p)
x = +m (mod q)’

A AN it 7 7oA

H40 g, FL A {

x =mn—m,q'qm, —p'pm, (modn),n — (q’qmp —




XA (Z) = 1, Fipi (L2 (od)

(q qmy—p pmq) (q qmy—p pmq) (q qmy—p pmq) _ (mp) (—mq) _
p q

) ) (@)= () (@)= (). smans

At (=
>

/\

n

1
q

(a'qmp—p qu)(mod ”)) ( ) HERANTED, g = 3 (mod 4),

) (—) = —1, MAMEFAE ML <x <

%) =1, MAWIm.
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i BATHE R B Al UORIR, Bt e BE 2 Bp 1Y — N
&, WIRHGH URIA, B ()—cz=1@wMﬂ()

q_1 q+1

=1 (mod q) » LH:EDLﬁcz =c(modp), cz2 =c(modq),
A Np,q =3 (mod 4), Filldlp + 1,4|q + 1, KHEFR

x2 = X (mod p) EI’Jﬁitpj'j+cpT+1 (mod p), x? = c (mod q)WIfEN

+c P (mod q), HHIMTFEHREFRRKx? = c (mod n)I
44N, B ERUER TR A HACE — M 20 < x <

() =1, BEAHISCm.

>dﬁ

NI:
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o HHZIRFIRWITHIZMYSTTEIL (Goldwasser-Micali /7 &)

- p, g RAES, n=0pq, é\xjp%,@(g) — (g) =—1, WaHNMm,x),
MHND, qQ)-
- /I% mjj—‘/\tlﬁtl:—f’ Bﬁmﬂl% (}7; )_ 1, )I_“JC _E(m) =

y2x™ (mod n)
- et RE)H(E), wr(5)=(5) =1, Wm' =D() =0, M
m' =D(c) =1,



o TEWIIEHHTE
UEBH: BARUWEREmM =0, ME@mM) BB —xFE 4R R m =1,

WE (m) AFEn B —IRARF AR

A

BEfF RS, AT AT 5 AR

nf ZIRF R, BFIAERAX? = ¢ (mod n) M A2 A

x2 =

¢ (mod P) w5

2

x“ = ¢ (mod q)

()

(2) =1, HEm=0, 1

Boe s i) R R 2 AL

- PEASIE .




o TEWIIEHHTE
UEBH: BARUWEREmM =0, ME@mM) BB —xFE 4R R m =1,

M E (m) AR B — IR A BRI S S 20 e 5 g
nf ZIRF R, BFIAERAX? = ¢ (mod n) M A2 A

2 —
X" =cModp) e m Bt A — ORI4 24 ALY

x% = ¢ (mod q)

(€)= (9) =1, skrtm =0, EFPEEHE

p q

» TSRO A A RS Ty Bin ) = IOk R

e
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Figs>

o M IXFRWITHIEM 7RI (Goldwasser-Micali /7 %)
- Hlp = 613,q = 827#B 2100 =%, n = pq = 506951, xiii &
(5)=()=-1, maHHNnx, BHHp,q.
- HEmN—AHEE, By, (y,n) =1, We=E@n) =
y2x™ (mod n)
- fpant, R()M(E), wR(S) = (£) =1, Wm' =D(e) =0, FEN
m' = D(c) = 1.

o ERIMHIHMSER, By, c () (;),m’
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Figs>

o fEMb: SEBIEE31 (BRpFIiiRER) HitERRAX? =
315 (mod 907) I AT A5 it .

o TORH A RIS R MR A 45 R




